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OR MANY YEARS bacteria were considered
biologically exceptional organisms with no
genes, nuclei, or sex, although the recognition
of their biochemical similarities to other forms

of life constituted one of the main foundations of
comparative biochemistry. Over the last decade evi-
dence has aceumulated which has led to the satisfying
conelusion that bacteria are not biologically unique
but possess genetic and behavior systems more or less
analogous to those of other forms, including nueclei,
genes, and in certain instances even true sexual mecha-
nisms for reecombination of unit characters,

Historieally, this change in our thinking in regard
to bacteria stems from the pioneer concepts of Lwoff
(1938) and Knight (1936) relating the nutritional
requirements of mieroorganisms to an evolutionary
loss of synthetic abilities. If such losses in microor-
ganisms were based on mutation and selection as re-
quired by modern coneepts of evolution, the capacities
for synthesis of essential nutrilites in microorganisms
should be determined by genes, which should be sub-
ject to mutation, as are most genes in other organisms.
Such considerations led Beadle and Tatum (1941) to
the successful production by irradiation of nutrition-
ally deficient or biochemieal mutants in the hetero-
thallic ascomyecete Neurospora, and to the establish-
ment of the genic basis of biochemical reaections
leading to the synthesis of amino acids and vitamins.
This relation has since been amply substantiated and
extended by further work with Neurospora and other
sexual mieroorganisms (ef. Tatum and Perkins, 1950).

The next step in the evolution of our concepts of
baeterial genetics was the experimental applieation
of the Neurospora techniques to the production of
biochemical mutants in these simpler organisms. The
first nutritionally deficient (auxotrophic) mutants
were produced in 1944 by x-ray treatment of Escheri-
chia coli and Acetobacter melanogenum (Gray and
Tatum, 1944; Roepke et al., 1944). Subsequently,
auxotrophic mutants have been obtained in almost
every species of bacteria investigated (see Tatum,
1946; Tatum and Perkins, 1950). In addition to mu-
tations to growth-factor dependence and reverse mu-
tation to growth-factor independence, other types of
mutant characters have been obtained, thoroughly in-
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vestigated, and proved extremely valuable. These in-
clude such characters as virus resistance, antibiotic
resistance, and capacity for sugar utilization.

The first auxotrophic mutants were obtained by the
tedious and laborious process of plating out irradi-
ated cells on fully supplemented medium, and then
isolating individual colonies which were subsequently
examined for failure to grow in the simple synthetic
medium adequate for the original stock (minimal
medium). The specific requirements of these deficient
clones were then determined by systematic supple-
mentation of the minimal medium with known growth-
factors.

Later improvements in techniques have eliminated
much of the labor involved in isolating and testing
mutants of bacteria, particularly E. coli. These in-
clude (cf. Lederberg 1950, 1951a) the layer-plate
technique in which only presumptive mutants are
isolated for further testing, and the penicillin method
in which non-mutants are actively eliminated, leaving
mutant cells which form colonies after removal of the
antibiotie and suitable supplementation of the me-
dium, A further modifieation of this method, using
solid medium and penicillinase, permits easy isolation
of any desired type of auxotroph (Adelberg and
Myers, 1952), and the isolation and testing of strains
has been still further simplified by the replica plating
method (Lederberg and Lederberg, 1952) which in a
single operation permits transferring all colonies on
a plate to a number of other plates with different
supplements,

By all available eriteria it is now generally accepted
that most, if not all, characteristics of bacteria are
controlled by hereditary units, and that these heredi-
tary units in bacteria are analogous with genes in
classically sexual organisms in the independence and
randomness of their mutation, the effect of physical
and chemical agents on their mutation frequency, and
qualitatively in the types of biochemieal and enzy-
matic effects of their mutation (ef. Tatum and
Perkins, 1950).

After establishment of this functional analogy be-
tween genes of bacteria and those of sexual forms, the
next step logically was to ask if the analogy could he
carried further, and if a mode of inheritance of baec-
terial charaeters similar to the Mendelian process in
higher types could be detected. Although a number
of workers had looked for character recombination
in baecteria, and other microorganisms, even as early
as 1908 (Browning, 1908; for other important refer-
ences cf. Tatum and Lederberg, 1947), in most cases
the biological materials available were not adequate

" for a definitive experimental test, although some sug-



gestive evidence of a circumstantial nature has been
obtained. The definitive nature of auxotrophic mu-
tants and the relative ease of their isolation and diag-
nosis provided ideal material for testing the possibil-
ity of recombination of hereditary units in baeteria.

The independent oceurrence and expression of
auxotrophic mutations in E. coli permitted building
up multiple mutant stocks of E. coli strain K-12 with
several deficiencies by successive mutational treat-
ment (Tatum, 1945). In this way, for example, cul-
tures Y-10, requiring threonine, leucine, and thiamin,
and 58-161, requiring biotin and methionine, were ob-
tained. For simplicity in considering its capacity for
synthesis of the factors concerned, strain 58-161 can
be represented as biotin— methionine— threonine+
leucine+ thiamin+ (B- M- T+ L+ B+), while strain
Y-10 would similarly be represented as B+ M+ T- L—
B,—. In this representation, in analogy with other or-
ganisms such as Newrospora, the genes determining
alternative characters (B+ and B- for example) are
considered allelic.

Accordingly, a sexual process in a mixed culture of
these two strains would involve reshuffling the indi-
cated alleles at these five loci. If this were at random,
any recombination might be expected, and might have
been looked for. However, recombination to give a
nutritionally independent type (prototroph) would
be most easily detected, since it alone would grow on
minimal medium, whereas any dependent types, in-
cluding both parental strains, would not.

Experimental tests were carried out (Tatum and
Lederberg, 1947) by growing the two strains either
separately or together in complete media, then cen-
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trifuging out the cells, washing repeatedly to remove
growth-factors, and plating mixtures of the washed
cells into minimal agar. The results were striking in
that about 100 colonies developed for each 10° cells
examined, and on reisolation and purification these
maintained their prototrophic character. Similarly
treated single cultures of each strain gave no colonies
on the minimal medium., This would be expected on
the basis of the low frequency of mutation of each
character to independence (ca. 1 in 107 cells) since
the derivation of a prototroph from a triply deficient
strain would then oecur with a frequeney of 1 in 1022
cells.

The simplest explanation for these results therefore
appeared to be that gene recombination took place to
give the prototroph B+ M+ T'+ L+ B+, as shown in
Fig. 1. Other possibilities, such as association of cells,
or the formation of unsegregated diploid, or of het-
erocaryotic cells were made unlikely by various ex-
perimental tests which established the homogeneity
and uniqueness of the derived prototrophs (cf. Tatum
and Lederberg, 1947).

The only alternative to a sexual recombination
seemed therefore a type of unilateral change by a non-
cellular transforming principle similar to that in-
volved in induced changes of type in the pneumocoe-
cus (Austrian, 1952). Two lines of evidence made
this improbable. First, cell-free filtrates gave no pro-
totrophs and direet contact of the cells themselves
seemed essential, as shown by growing the two types
separated by an ultra-fine sintered glass bacterial
filter (Davis, 1950). Second, the suceessful recovery
of most of the possible recombination types in later
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Fie. 1. Diagrammatic representation of recombination in prototrophs.


















